One of the main concerns of Conservation Biology is the identification of priority areas for conservation, and the development of quantitative methods is important to achieve this task. Many phylogenetic diversity indexes and higher-taxon approaches have been used in this context. In this study, Faith's phylogenetic indexes and the number of evolutionary independent lineages of Carnivora were calculated at the average patch level based on phylogenetic autocorrelation analysis of phenotypic traits, in 18 conservation units in America (frequently National Parks). Despite controversies about the hierarchical level to be adopted, the characters included in this study suggest that the family level produces independent units for the analysis of phenotypic diversity in Carnivora. A positive correlation between species richness and the number of evolutionary independent lineages appeared (r = 0.67; p < 0.05), showing that this is a valid criterion to priorize conservation areas. Faith's phylogenetic diversity index is also highly correlated with species richness (r = 0.87; p < 0.05), as well as with the number of evolutionary independent lineages (r = 0.89; p < 0.05). Thus, the conservation units with more species have also more evolutionary information to be preserved.
Introduction
One of the problems conservationists face nowadays is how to identify the most important areas for biodiversity quickly and cheaply. Biodiversity is not only difficult to define, but sadly there is also a lack of basic fine-scale data on the distribution of organisms, and these are potentially very expensive to acquire in sufficient quantity (Williams and Gaston, 1994) . Inevitably, it will not be possible to save everything everywhere, so the conservation of biodiversity will have to be based on priority areas or targeted to some species or ecosystems. Consequently, we should be able to measure the contribution of an area and/or species to the overall pattern of biodiversity (May, 1990) , preferably summarized by a simple univariate measure.
The establishment of priorities for biodiversity conservation has been one of the main tasks of Conservation Biology. Considering the increasing loss of species and the availability of human and financial resources, some criteria must be used to establish these priorities for the protection of species and communities (Primack and Rodrigues, 2001 ). Some of the most commonly adopted criteria to establish these priorities are:
1 -usefulness -species that have an actual or potential value are considered more important than species without an evident use for humans; 2 -endangerment -species endangered of extinction cause more concern than those which are not threatened;
3 -distinctiveness -a biological community is considered most relevant when composed basically of rare endemic species or species which are evolutionarily important.
Scientists and politicians alike agree that a global priority list of biological diversity preservation centers is required (see Myers et al., 2000) . Diversity has generally been measured only in terms of species richness, or in the form of indices combining richness with abundance. Yet, such measurements may be considered inadequate for many purposes, and other indices were proposed, based on the information content of cladistic classifications and taxonomic distinctness measures (Vane-Wright et al., 1991) .
The development of quantitative methods for the assignment of priorities or weights to taxa in conservation evaluation (Vane-Wright et al., 1991; Faith, 1992) has been based on the fundamental principle of complementarity among taxa. The weight of priority for a given species will not be as high, if a closely related species is already protected. On the other hand, a species that is "unique", i.e., is representing a whole family, for example, is highly significant and of great value (Faith, 1994) .
In this context, some studies started to show concern with the quantity of evolutionary information that would be preserved, which is directly related with the evolutionary patterns of the group (Faith, 1992 (Faith, , 1994 Crozier, 1997; Crandall et al., 2000; Sechrest, 2002) . Many phylogenetic diversity indexes were proposed for the establishment of prioritary conservation areas, showing which of them had greater phylogenetic variation. However, these indexes assume that the more distinctive a species are more important. This, however, depends on the phenotype to be conserved, because a linear relationship with time is valid only if the character evolves according to a neutral model. As phenotypes, however, normally do not evolve this way (Owens and Bennett, 2000) , other indexes or corrections of existing indexes should be proposed and evaluated.
In this study, we compared several conservation units in America, based on species lists of carnivore mammals. The number of lineages obtained from a phylogeny as an expression of evolutionary diversity was used as a measure of the phylogenetic diversity (higher-taxon approach) (Williams and Gaston, 1994; Grelle, 2002) . Thus, the number of lineages was not defined in an arbitrary way, rather reflecting the average level at which phenotypes of a species become independent and furnish more information about the evolutionary processes of phenotypic diversification.
Material and Methods
Species lists of carnivore mammals (order Carnivora) from 18 conservation units (frequently National Parks) in North, Central and South America were obtained from the website "Species in Parks: Flora and Fauna Database" (Figure 1 ). Only parks with over 100.000 ha were considered for this study. To analyze the phylogenetic patterns of phenotypic evolution that were going to be used to estimate the phylogenetic patch (see below), we compiled 23 ecological, morphological and life-history traits for the 70 species of carnivore mammals living in North, Central and South America, obtained from the specialized literature (Burt and Grossenheider, 1980; Eisenberg, 1989; Chapman and Feldhamer, 1990; Gittleman, 1985 Gittleman, , 1986a Gittleman, ,b, 1991 Eisenberg, 1992, 1999; Wilson and Reeder, 1993; Emmons, 1997) (Table 1 ). The phylogenetic patterns of these variables were analyzed by phylogenetic correlograms (Gittleman and Kot, 1990; Gittleman et al., 1996; Diniz-Filho, 2001; Diniz-Filho and Tôrres, 2002) .
Phylogenetic correlograms express the variations in similarity between pairs of species as a function of the divergence time between them, and they were constructed using Moran's coefficients. The phylogeny used as a base for 512 Tôrres and Diniz-Filho calculating distances was a supertree constructed by combining all the available evidence from morphological, behavioral and molecular data, recently established by Bininda-Emonds et al. (1999) . Using the correlograms for each variable, it was possible to determine at which level the species become phylogenetically independent from each other along the phylogeny (phylogenetic patch -Diniz-Filho, 2001). Thus, from that distance on, it is not possible, knowing the value of this character for one species, to predict values for other related species.
The significance of correlograms was established using Bonferroni's criterion, which suggests that the correlogram can be considered significant if one of its Moran's coefficients is significant at the α/k level, where k is the number of classes of distance. A significant correlogram shows that there is a phylogenetic pattern for the character analyzed, whereas correlograms that are not significant show that the character value is randomly distributed among the different species. Therefore, patches different from zero were defined only for the statistically significant correlograms, and an average value was calculated to find the general patch for the phenotype as a whole.
Using this average patch size, it was possible to find the number of lineages (SL) for the 18 parks by means of a phylogenetic supertree. A park with a large SL contains more diversified phenotypes at this specific phylogenetic patch. Thus, differently from previous papers using this higher-taxon approach (see Grelle, 2002 for a recent review), in this study the temporal line used to establish the number of lineages was based on the phylogenetic autocorrelation analysis of the phenotypic characters.
The relationship between species richness (S) and lineage richness (SL) at a given patch creates a bivariate space that can be divided (arbitrarily or based on mean S or SL values) into four quadrants (Figure 2 ). Conservation units that are inside the second quadrant have high richness and high evolutionary information and are, therefore, the most important ones for the conservation of the group considered. Conservation units in the third quadrant are the less important ones, because of their small richness and little evolutionary information. The quadrants one and four comprise areas of intermediary importance for conservation.
For each conservation unit, Faith's phylogenetic diversity index (PD) (Faith, 1992 (Faith, , 1994 , given by the sum of lengths of all branches connecting the species present in each one, was also calculated:
where b k is the length of the k branches of the phylogeny, in millions of years. Thus, assuming different models of phenotype evolution, it is possible to determine which units preserve a great amount of the evolutionary diversity of the group considered, by correlating the species richness, Faith's index, and the number of lineages at a given phylogenetic patch.
Results
The phylogenetic correlograms for each of the 23 characters studied showed distinct phylogenetic variation profiles and, consequently, different patch values. The correlograms can be visually grouped into four profiles (see Diniz-Filho, 2000) :
I. Clinal with stabilization, when there are only positive autocorrelations in the first distance classes, that decrease and afterwards stabilize;
II. Clinal correlograms with positive and negative autocorrelations in the first and last distance classes, respectively, with values decreasing linearly or monotonically, showing a gradient pattern across the phylogeny;
III. Long-distance differentiation, with negative autocorrelations only in the last distance classes, showing that the most distantly related species have a tendency to be the most distinct in the total sample. In this case, patch size is set to zero, since closely related species tend to be independent for the character analyzed;
IV. Correlograms without a significant pattern, showing that the character variability is randomly distributed along the phylogeny, so there is no phylogenetic pattern (patch size is then zero, and the number of lineages converges to the number of species).
Out of the 23 characters analyzed, 11 exhibited Types III and IV profiles (Table 1) , with a phylogenetic patch equal to zero. The estimated average patch for all profiles was 18.8 millions of years.
Species richness ranged from 8 in Death Valley National Park up to 21 in Rocky Mountain National Park, while PD values ranged from 235.91 m.y. up to 392.32 m.y. in the same parks, respectively. Using a cutoff time of 18.8 millions of years across the phylogenetic supertree, the number of lineages ranged from four (in Lihué Calel National Park) to seven, in other parks ( Table 2) .
The correlation between the number of evolutionary independent lineages (SL) and the species richness (S) in the 18 conservation units considered in this study was significant (r = 0.67; p < 0.05) (Figure 3 ). There were also significant correlations between the phylogenetic diversity expressed by Faith's index and species richness (r = 0.89; p < 0.05) and the number of evolutionary independent lineages at 18.8 millions of years (r = 0.87; p < 0.05) ( Figures  4 and 5, respectively) .
Twelve of the conservation units analyzed (67%) fell into the second quadrant defined in Figure 2 , therefore being of great importance for the conservation of New World carnivores. Under the model of phenotypic evolution established by phylogenetic autocorrelation analysis, the conservation units which preserved a greater quantity of evolutionary diversity in relation to richness, for the Carnivora, are Rocky Mountain National Park, Sequoia & Kings Canyon National Park, Glacier National Park, Yosemite National Park, Capital Reef National Park, Yellowstone National Park, and Canyonlands National Park, all situated in the United States.
By the same criterion, four areas were considered of low relevancy (present only in the third quadrant): Lihué Calel National Park, Lake Mead National Recreation Area, Organ Pipe Cactus National Monument, and Death Valley National Park. Finally, two were of intermediary importance: Emas National Park and Serra da Canastra National Park, in Brazil (see Figure 3) .
Discussion
Ideally, the study of biodiversity patterns should be carried out using species-based datasets, including, utopically, genetic knowledge of organisms at the population level. However, this would require an unpredictable amount of time, and, in some cases, the higher-taxon approach can be a shortcut (Grelle, 2002) . The use of highertaxon richness as an estimate of wholesale biodiversity appears attractive, because it should be substantially cheaper to identify specimens from survey samples to the level of higher-taxon than to the level of species. If a relationship can be demonstrated, then it might be possible to use the 514 Tôrres and Diniz-Filho Figure 3 -Relationship between the number of evolutionary independent lineages in 18.8 millions of years and the species richness for the 18 conservation units (see Table 2 for the acronyms used).
spatial distribution of higher-taxon richness to estimate the distribution of species richness more widely (Williams and Gaston, 1994) .
However, the choice of the higher hierarchical level to be adopted is arbitrary (Williams and Gaston, 1994) . In this study, this level was based on phylogenetic autocorrelation analyses of phenotype characters, indicating that a cut level of nearly 18.8 millions of years produced approximately independent units, considering the average model of phenotype diversification. For Carnivora, this time level corresponds to the taxonomic level of families.
As demonstrated in this study by the high correlation between species richness and the number of evolutionary independent lineages at the medium patch level, the utilization of the latter criterion is valid for the determination of areas with greater evolutionary diversity and greater importance for the conservation of evolutionary processes, but also considering the point of view of the phenotype (Crandall et al., 2000; Owens and Bennett, 2000) . Furthermore, the higher-taxon approach, as defined by the cutoff point under autocorrelation analyses of phenotypic diversification, is correlated with the phylogenetic information index as proposed by Faith (1992) . This index is widely recognized as an effective solution where limited resources imply that priorities must be placed on the conservation of different species, and it was indeed used to establish priorities for Carnivora and Primate conservation in biodiversity hotspots worldwide (Sechrest et al., 2002) . However, the advantage of the higher-taxon approach used here is that its scale of measurement (i.e., the number of lineages -SL) is more familiar and intuitive, and directly linked with the common approach based on species richness.
Using evolutionary measurements, based both on pure phylogenetic neutral molecular variation or on more complex phenotypic evolution models, is certainly a strategy that may circumvent the sometimes arbitrary decisions about which taxonomic units are to be the basis for conservation efforts. It puts less emphasis on`counting up' taxonomic units and more on representativeness of a cladistic hierarchy and, consequently, on the evolutionary processes. The emphasis is on preserving as much of this hierarchical variation as possible, no matter what the taxonomic units involved (Faith, 1992) . For New World Carnivora, our analyses showed a high correlation between the two evolutionary diversity measurements (higher-taxon and Faith's index) and species richness. Thus, conservation units with more species should, in general, contain more evolutionary information. When this is the case, decisions about priorities are easy, and counting species can also be informative with regard to evolutionary processes.
However, it is important to note that the occupation of the bivariate space formed by richness and evolutionary diversity measurements depends greatly on how the diversification and colonization processes occurred across history. In some instances, there may be combinations of units, or geographic areas, containing a few species which are highly diversified in evolutionary time. This will occur especially if the speciation and extinction processes in different clades are not randomly in relation to some phenotypic structures. In this case, a more detailed analysis of these bivariate spaces, as showed here, may be necessary when dealing with larger taxonomic groups, as well as the evaluation of more conservation units with more diversified faunas, allowing to define units that must contain, simultaneously, greater phenotypic evolutionary diversity and high species richness. Tecnológico (CNPq), Fundação de Apoio à Pesquisa Universidade Federal de Goiás (FUNAPE/UFG) and Jaguar Conservation Fund/Conservation International, through several grants.
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